Background: A significant challenge in research translation is that interested parties interpret and apply the associated terms and conceptual frameworks in different ways. The purpose of this review was to: a) examine different research translation frameworks; b) examine the similarities and differences between the frameworks; and c) identify key strengths and weaknesses of the models when they are applied in practice.
Introduction
The generation and deployment of evidence in healthcare is an evolving field, and bridging the 'gap' between research evidence and the complexities of policy and practice is an ongoing challenge. 1 In 2008, Woolf stated that: "Translational research means different things to different people, but it seems important to almost everyone". 2 This statement still rings true today, with research funding agencies around the world making translational research a key priority. [3] [4] [5] In Australia, the National Health and Medical Research Council Narrative review of frameworks for translating research evidence into policy and practice
• Conceptual models provide a framework to describe and measure the research translation process • Conceptual models for research translation are interpreted and applied by different health fields in different but related ways • The most frequently applied knowledge translation framework in the literature was RE-AIM, followed by the knowledge translation continuum or 'T' models, and the Knowledge to Action framework • A better understanding of how research translation frameworks are being used in practice will help identify the key barriers to effective research translation has established a translation faculty, funds translation research centres and fellowships, and has implemented a suite of initiatives under the banner of research translation. 4 One of the challenges in the field of research translation is that interested parties interpret and apply the associated terms in different ways. 5 For many, the term research translation refers to the 'bench-to-bedside' process, which involves applying knowledge from basic sciences to produce new medicines, devices and treatment options for patients. 6, 7 In this conceptualisation, the interface between basic science and clinical medicine is particularly important, whereby a promising new treatment can be used clinically and commercialised. 2 For others -such as those in public health and health services research, whose work focuses on healthcare delivery systems and improving population health -the primary outcome is translating research into policy and practice. 1, 2 More recent conceptualisations of research translation have combined these two perspectives of the outcomes of the translation process. 6, 7 Research translation is also often used interchangeably with other related terms, including 'knowledge translation' 8 , 'knowledge to action' (KTA) 9 and 'evidence based practice'. 10 All these terms describe a gap between research knowledge and its application to treatment options, policy and practice, and acknowledge the importance of closing this gap. Regardless of the perspective taken, there is agreement that this process is dynamic, involving interaction between the context, researchers and end users of research knowledge. 1, 11 To measure the success of translation efforts, there is a clear need for conceptual frameworks that can describe and measure the key elements of the research translation process. In light of this, the purpose of this review was to: a) examine different research translation frameworks described in the literature; b) examine the similarities and differences between research translation frameworks; and c) identify key strengths and weaknesses of the models when they are applied in practice.
Methods

Literature review search strategy
The review included publications on theoretical frameworks and models that describe processes and issues associated with translation of research evidence into policy and practice. We searched PubMed (MEDLINE and National Center for Biotechnology Information databases) for studies published in English between January 1990 and December 2014, using the search terms (translational research OR knowledge translation OR evidence to practice) AND (framework OR model OR theory) AND (public health OR health promotion OR medicine). Relevant study designs were theoretical and opinion pieces, case studies, descriptive studies and frameworks. Studies were assessed for inclusion by title and abstract, then by full-text review.
'Theories' were defined as ideas that explain research translation and offer principles that translation can be based on. 'Frameworks/models' propose a structure around which research translation can be organised. Frameworks/models are used to inform decisions and judgements about translation, and often apply multiple concepts, processes and theories. Frameworks and models that were highly specific to a health discipline or issue (thus rendering them difficult to apply across health settings) were excluded.
Reference lists of the final papers were also checked to ensure inclusion of further relevant papers in the final review ( Figure 1) .
Results
An initial review of 14 867 abstracts in PubMed against the inclusion criteria yielded 636 abstracts; searches of the references lists of retrieved papers identified a further 5 documents. Of the 641 full papers and documents reviewed against the inclusion criteria, 98 were included in the review.
Frameworks and models
Box 1 includes a synthesis of the eight most frequently applied research translation frameworks and models published in two or more papers identified by the search strategy (66 papers 
Study characteristics
There is a growing body of literature describing frameworks and models for translation of research evidence into practice -85% of papers included in the final review were published since 2005. Frameworks included in the review have been applied in myriad settings, including basic and medical sciences, public health, clinical research, disease management, guideline development, global health, environmental health and preventive medicine. These frameworks can successfully support knowledge translation in a number of sectors across health and beyond.
The review identified 41 frameworks and models. By far the most frequently applied knowledge translation framework was the RE-AIM framework developed by Glasgow and colleagues [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] , followed by variants of the knowledge translation continuum models or 'T' models 5-7,11 29-39 , the Knowledge to Action framework 8, 9, [38] [39] [40] [41] [42] [43] [44] , the PARiHS framework [45] [46] [47] [48] , the evidence based public health models of Brownson and colleagues 10, [53] [54] [55] [56] [57] , and the stages of research and evaluation model of Nutbeam, Bauman and colleagues. [58] [59] [60] [61] [62] The four most widely • Reach (proportion of the target population that participated in the intervention)
• Efficacy or effectiveness (success rate if implemented as in guidelines; defined as positive outcomes minus negative outcomes)
• Adoption (proportion of settings, practices, and plans that will adopt intervention)
• Implementation (extent to which intervention is implemented as intended in the real world).
Major changes over time: Glasgow et al. (1999) 12 created the initial 5-step framework; then introduced effectiveness in addition to efficacy to improve generalisability (2003). 13 Dzewaltowski et al. (2004) 14 considered both individual and organisational levels to better account for local context.
Context applied:
Health behaviour change, family medicine, food labelling, patient-centred medical home, falls prevention, community health centres, smoking cessation, implementation grants, diabetes prevention, multisector partnerships, burden among dementia caregivers.
Key implications:
The model was first developed in 1999 by Glasgow et al. 12 and revised over the years to better consider external validity by considering effectiveness rather than just efficacy, as well as settinglevel considerations (e.g. organisational vs individual). The RE-AIM framework is useful for estimating public health impact, comparing different health policies, planning policies designed for increased likelihood of success, and identifying areas for integration of policies with other health promotion strategies.
Translation research continuum or 'T' models
Number of studies: 14 (citations [5] [6] [7] 11, [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] ) Key elements:
• Description and discovery
• From discovery to health applications [2012] 34 proposed an interlocking loop model).
Context applied: Genomics, child health, breastfeeding, general medical research.
Key implications: Zerhouni et al. (2003)
5 first proposed the model through the National Institutes of Health Roadmap. The roadmap acknowledges that translational steps are required to realise the potential for medical discoveries at the 'bench' to be applied to better patient care at the 'bedside' and in clinical practice. Originally consisting of two steps, the model has expanded to five, including everything between discovery and population health impact. This model can support scaling up of evidence based practices by identifying innovations that are most likely to be effective and successfully implemented. Context applied: Translating knowledge to consumers, critical care nutrition, asthma, osteoporosis, dialysis.
Knowledge to Action (KTA) framework
Key implications:
The KTA framework provides a conceptual framework for integrating the roles of knowledge creation and knowledge application. The framework can help map the process for translating research evidence into practice, and facilitate selection of appropriate study designs to address barriers, evaluate outcomes and address sustainability.
Promoting Action on Research Implementation in Health Services (PARiHS) framework
Number of studies: 8 (citations [45] [46] [47] [48] [49] [50] [51] [52] ) Key elements: The framework presents successful research implementation as a function of the relationships among evidence, context and facilitation:
• Evidence 
Key implications:
The framework argues that successful implementation of research into practice is a function of the interplay of three core elements -level and nature of the evidence; context or environment into which the research is to be placed; and method or way in which the process is facilitated. There is strong consideration of local context and facilitation elements necessary for successful implementation of effective guidelines and policies.
Evidence based public health (EBPH) models
Number of studies: 6 (citations Key implications: EBPH models were designed to help ensure that resources in public health are spent appropriately. The models build on the success of evidence based medicine. Key components of EBPH models include making decisions based on the best available peer-reviewed evidence; using data and information systems systematically; applying programplanning frameworks; and engaging the community. EBPH has emerged as a powerful framework for assessing public health concerns and identifying the most effective health protection strategies.
Stages of research progression (rocket model)
Number of studies: 6 (citations 1, [58] [59] [60] [61] [62] )
Key elements:
• Problem definition
• Solution generation (program development)
• Intervention testing (process and impact evaluation to determine program efficacy or effectiveness)
• Intervention replication (effective programs are adapted for other settings to determine if similar outcomes can be reproduced)
• Dissemination research (upscaling of a program to a population-wide level). Context applied: Falls prevention, public health, child obesity prevention, chronic disease prevention.
Key implications:
The rocket model shows the different research and evaluation questions and research methods that are applied in the planning, evaluation and dissemination of a comprehensive set of public health interventions over six stages, and can be used to inform development of public policies and programs. The framework enables decision makers to map the evidence for a given policy or program -that is, to identify what types of evaluations have been done, including translation research, and what of this evidence (if any) informed current policy and practice. The rocket model also provides a useful approach for assessing evidence gaps in health promotion programs, and highlights opportunities to improve the evidence base.
Interactive Systems Framework for Dissemination and Implementation (ISF)
Number of studies: 4 (citations [63] [64] [65] [66] ) Key elements: Three levels:
• Implementing prevention -prevention delivery system (general capacity use, innovation-specific capacity use)
• Supporting the work -prevention support system (general capacity building, innovation-specific capacity building)
• Distilling the information -prevention synthesis and translation system.
These three levels are encapsulated by four pillars:
• Funding
• Macro policy
• Existing research and theory
• Climate.
Major changes over time:
None.
Context applied: Teenage pregnancy.
Public
Frameworks for translating research into policy and practice published frameworks are described in greater detail below (see page 6).
RE-AIM
The RE-AIM (Reach, Efficacy, Adoption, Implementation and Maintenance) framework has gained great prominence in the field of chronic disease management, and increasingly in public health. This framework assists in the planning, evaluation and reporting of applied research and interventions. 12 It proposes that it is essential to collect both individual and programlevel measures of institutionalisation (i.e. the extent to which a health promotion practice or policy becomes routine and part of the everyday culture and norms of an organisation).
14 Table 1 summarises the evaluation dimensions of the RE-AIM framework.
Glasgow and colleagues 13 argue that reporting and documenting RE-AIM for efficacy trials and effectiveness interventions will help address slow adoption of research into practice because, by its nature, the framework provides information on generalisability and external validity of interventions. There is merit in this argument, as the RE-AIM framework has been successfully applied in numerous real-world case studies. Examples include assessing the translatability of an effective communitybased exercise intervention to prevent falls 21 ; examination of factors influencing the impact of a financial incentivebased smoking cessation intervention in a workplace 23 ; translation of a computer-assisted diabetes selfmanagement intervention 27 ; implementation of a lifestyle intervention tool in primary care 17 ; and application to assessing the public health impact of policy change. 18 In these examples, the RE-AIM framework is used to report on intervention effectiveness, determine the translatability of an intervention, and as an evaluation framework for policies or programs. The framework has also been used to assess the generalisability of published health promotion literature 16 and to help design and plan public health interventions to improve dissemination. 15 Research translation continuum models ('T' models) Some of the most widely cited translational research models in the literature, with origins in medical research, are the research translation continuum models, or 'T' models (also known as 'bench-to-beside' models). Efficacy (success rate if implemented, e.g. in guidelines; defined as positive outcomes minus negative outcomes) Individual Adoption (proportion of settings, practices and plans that will adopt this intervention) Organisation
Implementation (extent to which intervention is implemented as intended in the real world) Organisation
Maintenance (extent to which program is sustained over time) Individual and organisation a The product of the five dimensions is the public health impact score (population-based effect). Source: Dzewaltowski et al.
14
Key implications:
The ISF provides a heuristic for understanding the needs, barriers and resources of the different systems, as well as a structure for summarising existing research and illuminating priority areas for new research and action. The ISF identifies three key systems necessary for bridging research and practice, including the 'synthesis and translation system', the 'support system' and the 'delivery system'. The model recognises the need to synthesise evidence and package the information to better meet the needs of target audiences. The ISF also recognises that the top-down approach to implementation is suboptimal, as implementation efforts require partnerships.
UK Medical Research Council (MRC) framework
Number of studies: 2 (citations 43, 67 ) Key elements: A cycle consisting of:
• Development (identifying the evidence base)
• Feasibility and piloting (testing procedures)
• Evaluation (assessing effectiveness)
• Implementation (dissemination, surveillance, followup).
Major changes over time:
Context applied:
Coronary heart disease and depression, osteoporosis.
Key implications:
The MRC framework guided the development of interventions that helped improve outcomes in patients with coronary heart disease and depression. It also helped map the process for translating osteoporosis evidence into practice, and facilitated the selection of appropriate study designs to rigorously address barriers, evaluate outcomes and address sustainability.
the bedside (in clinical settings). It also includes two translational steps (T1 and T2) and describes how new medical discoveries are translated into clinical practice (T2). Westfall et al. 11 proposed an expansion of the model to include an additional research laboratory (practicebased research) and translational step (T3) to improve incorporation of research discoveries into day-to-day clinical care. For example, this stage of translation would focus on ensuring that a new therapy was widely available to those who needed it on a system level or 'in practice'. These 'blue highways' of the roadmap are a continuum, with overlap between sites of research and translational steps. Though this model substantially advances the conceptual development of translation science, it does not acknowledge other important types of research, including community-based participatory research, public health research and health policy analysis.
Building on these 'bench-to-bedside' concepts, another framework with its origins in genomics proposes four phases of translational research: An example of T4 from Khoury and colleagues 6 in genomics is that, although public health newborn screening programs have been in place for decades, they have only recently integrated new technologies (particularly tandem mass spectrometry) for identifying an expanded number of disorders. Surveillance and outcomes research are being used to document the real-world effectiveness and potential harms of these new tests. The types of research that characterise each phase include observational and clinical trials in T1; evidence synthesis and guideline development in T2; implementation research and dissemination research in T3; and outcomes research across disciplines and population monitoring in T4. More recently, this model has incorporated an additional precursor stage, T0, in which the problem is identified. 7 This model extends the 'bench-to-bedside' paradigm by giving due consideration to basic research and clinical practice, and also adding public health approaches to translating scientific discoveries into treatment, prevention and control of human disease in populations. The model Source: Glasgow et al. 7 , adapted from Khoury et al. 6 highlights that the true endpoint of translational research is not simply institutionalising effective interventions, but improving population health. Figure 2 shows the relationships across these phases in a further adaption of the model of Khoury and colleagues 6 by Glasgow and colleagues in 2012. 7 Knowledge to Action (KTA) framework
The KTA framework was developed in Canada by Graham and colleagues. 8 The framework has two components: a 'knowledge creation' funnel and an 'action cycle', each containing multiple phases. Knowledge creation includes knowledge inquiry, knowledge synthesis and the creation of knowledge tools. 8 The knowledge becomes more refined as it funnels through each stage of the process, resulting in tools for decision making such as clinical practice guidelines or patient decision aids. 41 The action cycle has seven phases and guides the application of the identified and refined knowledge. The phases can occur sequentially or simultaneously, and the knowledge phases can influence the action phases at any point in the cycle. The elements of the action cycle focus on deliberately bringing about change in healthcare systems and groups. Graham and colleagues describe the phases as "dynamic" and that they "can influence each other". 8 Knowledge is adapted to the local context, and barriers and facilitators are assessed. 9 Involvement of stakeholders and tailoring of knowledge to the target audience is critical. 9 The KTA framework has been used widely to transfer research findings into practice by organisations such as the Canadian Institutes of Health Research. 68 Promoting Action on Research Implementation in Health Services (PARiHS) framework This framework was first developed by Kitson, Harvey and McCormack in 1998 45 and the term 'PARiHS' was coined by Rycroft-Malone and colleagues in 2002. 46 It proposes that successful implementation of research into practice is a function of the interplay between three elements: the nature of the evidence, the context in which the proposed change is to be implemented, and the mechanism by which change is facilitated. 47 The framework considers these elements to have a dynamic relationship, and each is positioned on a 'high to low' continuum. 47 For example, an intervention that is developed based on strong evidence would be rated 'high' in the evidence element. The framework proposes that, for implementation to be successful, there needs to be clarity about the nature of the evidence used, the quality of the context, and the type of facilitation needed to ensure a successful change process. 47 The PARiHS framework has supported knowledge translation in a variety of settings, including pain management, nursing practices and neonatal health. [46] [47] [48] There is a growing body of evidence showing the PARiHS framework has conceptual integrity, and face and conceptual validity. 
Discussion
Similarities and differences between the models All these frameworks describe a gap between research knowledge and its application to treatment options, policy and practice, and acknowledge the importance of closing this gap. They all articulate processes for applying evidence from research to intervention development, then applying interventions with demonstrated efficacy in controlled environments into new settings with different populations, and ultimately disseminating effective interventions into policy and practice. Of note, the most frequently applied research translation models and frameworks identified in this review each stem from different fields, including implementation science (RE-AIM), basic and medical sciences ('T' models), health services research (KTA and PARiHS frameworks) and public health (EBPH and research progression models). It is therefore not surprising that these models appear to lend themselves more readily to practical application in these respective fields.
It is clear from this review that the term 'research translation' is often used interchangeably with other related terms such as 'knowledge translation', 'knowledge to action', 'evidence based policy and practice' and 'research implementation'. This lack of consistent terminology can be a source of confusion. The concept of research translation in particular is increasingly recognised internationally as an important function of academia and is a growing priority for major healthrelated funders. [3] [4] [5] However, for this field to move forward in a coherent way, a common language is needed to describe the processes and types of research associated with translation of research evidence into broader policy and practice.
All these frameworks acknowledge the difficulty of closing the gap between research and practice, and that this gap is in part caused by a failure of research to meet the information needs of policy makers and practitioners; characteristics of the intervention (particularly if it is overly intensive, expensive and difficult to implement in other populations and settings); and the research or evaluation designs giving insufficient attention to real-world contexts and the complex interaction of these factors.
Strengths and weaknesses of the models when applied in practice
The evidence based public health framework proposed by Brownson and colleagues 10 offers a practical evidence-to-practice approach and, in more recent iterations, acknowledges the importance of contextual implementation factors. The 'bench-to-bedside' approach of the National Institutes of Health Roadmap 7 and the later iteration by Westfall et al. 11 provide a detailed translation process that captures the types of research needed to influence practice, but they do not adequately describe the processes required for wider adoption and dissemination of research evidence into systems. Frameworks for translation of bench science into clinical practice ('T' models), particularly in their earlier incarnations, had limited practical public health application due to lack of attention to population health outcomes and system impacts. Despite this, they are the most widely applied models by health funding bodies, particularly in the US and Australia. This drives public health and clinical researchers to use these narratives in describing translation efforts, even though they sit more naturally with basic and clinical sciences. It could be reasonably argued that this places public health researchers at a disadvantage, particularly because many of their translation outcomes are more distal than those of clinical researchers. However, it is important to acknowledge that the addition of a T4 stage by Khoury and colleagues 6 in their 'translational epidemiology' model is a substantial improvement on previous variants of the 'T' model because it focuses real-world effectiveness at the population or healthcare-system level. Encouragingly, there seems to be increasing recognition that the endpoint of translation is broader than clinical practice, and that it includes population health and system change. Interestingly, the only other models to have similar stages are the maintenance phase in RE-AIM 12 and the sixth program monitoring phase in the Nutbeam and Bauman model. 58 Importantly, these advances move beyond dissemination and stand-alone evaluation to a process for monitoring system change.
Although RE-AIM provides a comprehensive and well-tested translation framework, there are a number of challenges to its practical application. The first is the expression of efficacy as positive outcomes minus negative outcomes. This oversimplifies the process of assessing the efficacy of an intervention, and is problematic because it is very difficult to quantify positive outcomes in a way that can be directly compared with negative outcomes. In addition, it does not give sufficient consideration to monitoring and reporting contextual factors that support or hinder the adoption and dissemination of promising interventions into broader policy and practice.
The PARiHS framework came to prominence because of its explicit consideration of contextual factors as a critical aspect of successful implementation of programs and policies. By treating evidence, context and facilitation as equally important in research translation, the framework supports researchers and policy makers to understand the full range of factors affecting translation of evidence into practice. The most recent revision of the model by Bergström et al. 52 proposed the inclusion of a greater number of context subelements, further demonstrating an increasing focus on contextual factors.
The KTA framework is one of the few models not to have undergone significant revision since being developed in 2006. This is because Graham and colleagues 8 recognised that research translation is a continuous, cyclic process that requires continuous refinement over time. The framework acknowledges that research translation may not necessarily follow a pipeline model, and that each element in the translation process influences other elements. It also recognises that knowledge is constantly evolving and can feed into policy making at various stages. Finally, the model acknowledges that research evidence has to be adapted to the local context to be useful in informing policy and practice. As a result, the model has been highly successful and adopted as a national research translation framework in Canada. 69 All these models would benefit from more detailed consideration of the processes associated with scaling up promising interventions within complex community and organisational contexts. Notably, none of the reviewed models specifically addresses costs. Cost, cost effectiveness and cost benefit are often key factors in determining how widely adopted an intervention will be in practice, and could figure more prominently in these models.
Despite its potential usefulness as a conceptual model, the Nutbeam and Bauman model is yet to be widely tested using real-world case studies in policy and practice. This may be partly explained by the fact that the model is a relatively new arrival, first published in 2006. In contrast, the most commonly applied model in the literature, RE-AIM, was first published in the peerreviewed literature in 1999, allowing more time for the model and associated concepts to permeate thinking in the field.
Areas for further research
It is important to consider the comparative effectiveness of these frameworks in supporting the development and implementation of successful programs and policies. All the frameworks in this review have the common goal of bridging the gap between evidence and practice. Understanding which is most effective and in what contexts will support the development of better policies and programs that have the greatest impact on improving population health.
Further, more work is needed to determine how research translation frameworks are being used by researchers, policy makers and institutions. This review has identified a number of published case studies, all of which demonstrated successful application of research translation frameworks. We encourage authors to document accounts of successful and unsuccessful application of these frameworks in real-world case studies and, importantly, encourage journals to publish these data. To comprehensively investigate the relative success of the application of these frameworks, further research involving document analysis and interviews with users of these frameworks is recommended. A better understanding of how research translation frameworks are being used in health policy and program development will allow us to better identify the key challenges to effective research translation and assist in understanding the role that these frameworks can potentially play in bridging the evidence-practice gap.
Limitations of the review A single database was searched for this review, which may mean that papers were missed. However, PubMed is a large database, so it is likely that the most relevant frameworks and models were identified. The study applied a systematic review methodology with narrative synthesis, which differs from approaches used in Cochrane reviews. This decision was made as the topic under consideration was better suited to narrative analysis.
Conclusion
Conceptual models for research translation are interpreted and applied by different health fields in different but related ways. All of the reviewed models acknowledge a gap between research knowledge and its application to treatment options, policy and practice, and propose pathways to closing this gap. All the models articulate processes of applying evidence from research to intervention development, then applying interventions with demonstrated efficacy into new settings with different populations, and ultimately disseminating effective interventions into policy and practice.
